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THE NATUFE OF COSMIC RAYS

Ds V. 8kobel!tsyn
Izvestiya Akademid Nauk SSSR,
No L (1950), pp 3l=4S.

[Notoz The following 1s areport that was given at the Anrual Meeting of the
Academy of Sciences USSR on 2 February 19507

Puring the last 2 or 3 years, two orgonizations of young physiclsts under the
direction of P'rofesser §, N, Vernov and Doctor of physico=mathomatical sciences
M. A, Dobrotin have extensively inveatigated the general problem of cosmic rays
by various methoeds and in various laboratories,

These numerous investigstions (counted in the tens), to which the present
synoptic report is devoted, were carried out in the main Physicsl Institute, imendi
P. N. Lebedev Academy of Sciences USSK, in partlcipation with Moscow University
and Acsdemy of Sclences Uzbek S8R,

Besides the above-mentioned directors, I should like to mention also corres-
ponding-member Academy of Sclences USSR V. I, Veksler, who contributed to the works
of the Physicsal Institute group in the initial stapes.

This eollective work owes its support to the party and government.

Cosmic rays, which consist of particles that have accumilated somewhere in the
depths of the universe immense energies unusual under our terrestrial conditions,
for more than LO years have been attracting the attention of numerous investigators,
who are concentrating ever grea@er efforts on this advanced front of nuclear physics,

However, despite the publibhed achievements and numerous discoveries enriching

our knowledge with new racts and new repreééﬁtaﬁ%on of unusual significance, until
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very regently we did not have any preeise pleture or even a basic seheme to explain
the phenomena of cosmie rays. Moreover, even tie question about the very nature
ol primary cosmic rays.remained until recently open for disecuasion,

It 18 not difficult to polnt out the reason for suech a position of things,

The phienomena which arise from coesmic rays in the atmosphere are extremely come
plicated, As they penetrate inte the depths of the atmesphere, the cosmic rays
are subjected to many successive transtormationa. Even in the lower layers of
the atmosphtre, the observer i concerned mainly, net with primary particles, but
with the particles genorated by them net in the first but in some very distant
genearation.

Until mest recently, the main efforts were in investigating cosmie rays in the
lower layers of the atmosphere, since the stratosphere remained heretofore little
accessible for experimentation, It is not surprising that attempts to construct a
gereral concept of cosmic rays phenomena did not lead to satistactory results.

Such a construction lacked a tirm foundation, since the first link in the
chain of transformations, undergone by cosmic rays in the atmosphere,remained
undiscovered,

At present, as ihe result of works about which we shall speak further on, we
have already completed a hopeful basis for establishing the basiec scheme of these
transformations. These works finally obtained data that permit us at last to
solve the problem of the nature of primary rays. And what is particulary important,
we can even now construct a general plecture of those puenomena which are caused in
the stratosphere by the primary cosmic particles, which ensures us a hopeful posi=
tlon for the future discovery of the mechanism governing the transformation of

cosmic rays in the atmosphere in all their complexity.
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In order te make understandable the ma:y ideas at the basle of the indicated
works, I will linger on these hypot:..eaed whieh have been shown unfit, which now

repose in nistorical archives, but which for a rather long time had known general

] recognition.

one such hypotheals, gugpesting o very firm basis, was lhe hypothesis of the

electrical natire of primary cosmic rayo,

The assumptien thut the primary particles ot cosmic rays are electrons arose
from theo necesgity to explain how the high energy of tue cosmic rey particles can
be associated with their relatively great absorption in the atmosphere.

MThefact 18, successful neasuremant of the gnergies of primary cosmic particles
(statements below will give some idea how 1his was aecnmplished) immediately re=
vealed that the absorption of these particles in the atmosphere cannot Lie reduced
to simple rotardation in which charged particles moving in & gas or in some other ‘

medium cause its jonization by tearing the electrons {rom those atoms with which

they collide in their psth and thus expending a definite amount of energy., For

not very high energles, the retardation of a charged vartlele completely determines

the energy expended in ionization, Such 1y onizational" retardation can be accurate.\u,f2
4]
computed.
thus, if one takes into account the energy of the primary particles and cal=

culates what proportion of the energy these particles would disperse during passage

through the earth's atmosphere, 4f subjected o0 only one jonization retardation, {
{4 turns out that most of the particles could freely penetrate the entire thickness
of the atmosphere; but in reality only & small part of all particles present in L

the stratosphere ever reaches the earth!s surface.

ot
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Another absorption mechaniem is lmewn, hewever, whieh leads to a much more
rapid socattering of energy. This meechanism, acting enly for veuy great energies
of the particles, le characterlistiec for such "light-welght" particles as the ele=
ctrons, By virtue of tne capacity of rapidly moving electron to radiate its
energy durlng collision with atoms of the reterding medium, the '"radiaiional re=
tardation® ZErehmnstrahlunE7 connected with this capacity will domlnate,for great
velocities, lonizatienal retardatien.

The intervention of new mechanisms in the phenemenon of retardation for large
energles of the particle, however, is still not limited to this., If enly one
radiational mechanism of absorptlon were operating, then the fast electron moving
in the medium would very soon "overgrow" with a cluster of particles accompanying
it, identical in nature with atoms of light = namely, with a cluater of high-energy
photons = and its energy would very rapidly transform into the energy of electro=
magnetic rediation. But high-energy photons also prove to be highly capable of
absorption. During their absorption they produce "pairs" of particles, consisting
of one negative and one positive electron, Successive repetition of the production
of photons by electrons and, conve:sely, of electrons by photons accompanying the
motion of the primary electron leads to the formation, as a result of repetition,
of many cascades (co-celled "cascade multiplication") of poweriul showers of parti=-
cles, if the primary energy is very gruat, or even one '"shower" consisting of
several or several tens of particles, in the case of less energy.

The generaﬁ“bf a shower Ls generally characteristic of cosmic rays. As we shall

see, besides the electromagnetic mechanism for explaining the generation of rays

Just deseribed, which can be called classical, we also encounter in cosmic rays other

showers of another nature and derivation,
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Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150016-8 -




Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150016-8

GONFIDENTIAL

fn the basis of the cascade theory, apparently, it was posaible to clarify come
pletely the behavior of the curve deseribing the absorption of the predominant
goft=component in the atmosphere, if the primary cosmic reys are assumed to be &
flux of high-energy electrons, Such an electron, falling inte the stratoaphere
from space, should cause an inteneive cascade process. By virtue of cascade ML=
plication the primary high-enorgy electron generates many other clectrons of less
erergy. For this reason, if a.flux of sueh: electrons .should.como: into: the earth's
atmosphere from space, then the number of particles and concomlitant ienization
should initially increase as they advance downwards into the depths of the atmosphere,
which should create the characteristic so-called ngransitional! maximum. Further
on, howaver, the energy of the generating shower rapidly diminishes and dissipates
in ionization, caused already not by one but by many particles composing this
shower.

The energy of primary rays is known. Utilizing the shower, or cascade, theory
one can calculate the absorption curve just deseribed and convince oneself of the
quantitative agreement, not bad for now, of the behavior of the curve thus cal-
culated with the absorption curve as obtained from observed data, which shows how
the energy of cosmic rays is expended and how the flux of particles weakens, and,
consequently, also the intensity variation of this rediation with penetration into
the atmosphere.

The curve which gives the behavior of absorption of coemic rays below sea=level
has an entirely different form. It has been established from it that we are not
concerned with electrons, but with mesons = namely, perticles first discovered in
cosmic rays and having a mass of a magnitude intermediate between an electron and
proton. Such particles - namely, mesons - are not subject to cascade multiplication,
and the curve describing the absorption of the corresponding - namely, penetrating

or hard = component is very sloping.
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After all these preliminary remarks it is possible to sketeh the general out=
line of the problem on the nature of ceamic rays at that stage proceding the work
| wiieh is the object of my report.

In the course of a rather long time, the fellowing scheme for this chain of
transformations undergone by eosmic rayes in the atmosphere, about which I spoke in
; the beginning,came to be genocrally accepted: primary electron ——>-cascade electrons
and photons .—3- mesons. The theory 1s based, it is true, on more or less arbitrary
hypothesis which allow one to predict the production of mesons through absorption
of photons. »

Approximately 10 years ago doubts arose, however, as to the correctness of this
scheme, and an opposite assumption was made, that the flux of primary particles
consists of positively-charged elementary nuclear particles = namely, protons.

These doubts and this hypothesis were based in part on simple experimental data.

¥ e
| Thus, M. Scheln ZRSEAI==RUSELER=(PREREHEG) O pELLEE R h-e=pronoinced-shEnal:
SHETtEE dn America carried

out a series of observations in the stratosphere and found that his results conte
radicted the azsumption about the electron nature of primary rays and the above-
indicated scheme. He proposed the following scheme: primary protons —> me:Sons
electrons,

Sehein's experiments were not faultless and his results appeared unconvineing
to many. Moreover, the scheme proposed-by him led to difficulties of which we state
two of the most important ones,

Experiments are possible which allow one immediately to determine the energy
and charge (sign) of the particles composing the primary component, The point is s
primary cosmic particles, if they possess a charge, in approaching the earth meet

%/0-/@: MMarcel Sehels ?J

“-how
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in their path o definite varrier in the form of the carth's magnetie field. only
these particles which have a certain definite very high energy can reach the earth's
surface at any point. 1f this blecking action of the mepnetic pole ie compared to
gome barrier (it is @ question of electrical barrier) then it turns out that the
altitude of this barrier for points of the earth's surfaee at varlous latitudes is
not the same. The investigation of the intensity of cosmic raye at various latitudes
glso permiis one, on the basils of the theory of this so~called geomagnetic! effect,
to evaluate the energy of priary particles and, mereover, to establish the energy
distribution of these particles.

petermination of the sign of the charge proves to be possible by virtue of the
fact that, in enuatorial 1atitudes, west and east directions turned out to be not
equally accessible for most primary cosmic ray porticles. If cosmic roy particles
are charged positively, then in the stratosphere near the equator they will pene-
trate principally from the weety and, conversely, they came from the east if their
charge 18 negative.

In the year 1939 the well known American gpecialist Johnson made difficult
obser.ations in the stratosphere to search for the sbove-described effect of so=
called "azimuthal asymmetry", but did not discover it, (In every cose, according
to Johnson's data, this effect did not exceed a tenth of the magnitude possible to
expect)s Johnson's results, remaining unrefuted,and, .80 t0°88Y; unique in the
course of 10 years, were in direct contradiction to Schein's hypothesis about the
proton nature of primary radiation.

A second difficulty of$chein's hypothesis and of the indicated scheme was that
the mechanism explaining the production of electrons, observed in . preat quantitﬁes
aven ab the highest layers of the atmosphere, was unknown. Completely unexplained

was the question of what causes this so=-called soft component, predoninant in the

-
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upper leyers of the atmeaphere and consisting of electrons and accompanying photens. |
soiin himself propesed that one explanation could be the d:«cay of mesons, one of

whose products is electrons. However, more thorough investigation of the problem ahovd

with shewee complcte clarity the inappropriatenees of such en explenation for the
generation of the soft component in connection with the relative slownsss of the
deecay process of rapidly moving mesons. .

For the explanation of &ll these nuestlons, 7=3 YG&18 BEO Brofesscr S. M. Vernev
began te investigate cosnie rays in the stratesphere on a large seole and along &
wide front.

The results of these sucecessiully conducted investigations finally solved the

problem concerning the nature ol primary rediation.

Stratospherie investigations, which we &re now telking about, are based on the

application of a methad of observalion of cosmic rays that involves the transmissien

of radio signals; this method has been perfected now to a high degree by great

technological sldll.

8. N. Vernov, beginning his investigntions almost 20 years &ge, invented this
method of observelion of cosmic rays, which has recently begun o be widely utilized
aleo in America. ;

T shall begin with the simplest experiment, whose results early exclude com=
pletely and unequivocslly the hypothesis about the electron nature of primary
radiation. It ig based on the observation of the eftect caused by cascade multi-
plication of electrons.

What is involved is cescade miltiplication, which will toke place during the
passage of high-energy electrons through lead layers. The problem is this: 1o
subject an apparatus which can detect such an effect to the sction of primary
particles, for the purpose of which it was necessary to carry out experiments ab

very great altitudes.
P
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Tn applicatien to the given problem, it wae necessary @ fulfill the regquire-
ment, that high=energy ¢lactrons, if they arrive {rom space, have not suceeeded in
undergoing cascade mltiplication in the layer of the stratosphere lying at & higher
Level, o which the given apperatus has beon lifted. Thie eonditien wae fulfilled,
inasmuch a8 the ebservatlons vere conducted at heights of 25.27 ki above goa=level.
The apparainses are 14ifted to ench altitudes by means of seunding belleons.

Cosmic r&y particles were recorded by means of a minleture Gelper=Huller counter,

in which the ineidence of every particle is recorded because of the momentary aetion
of an electric charge which is then quickly extigg@ished. The ienization pulse
cenged by such a discharger is yransnitted through & radio=trenemitter as @ suitable
radio eignal to Farth, where it is also regorded on & moving photographic £ilm
through receiver which allows esloulation of the particles thet have pessed in &
definite time through the atratospheric counters

In the experiment under consideration, the crunter was shifted by means of a
special automatic mechanism controlled by the counter iteelf, and was alternately
yneerted into the {nterior of a hollow 1ead sphere and then,after a definite number
of pulses were counted, withdrawn out of the sphere, ghus effecting in a certaln

inbervel of time an erumeration of those particles that were not filtered through

the lead, and 80O forth,

The electrons in passing through the lead are subjucted to cascade multiplication,
thus creating that trensitional maximum in the absowption curve, about which I have
already spokens If the reys ineident on the apparatus contain electrons, then the
numbex of counts per unib time in the counter located in the interior of the lead
sphere proves 4o be gseveral times greater than that observed in the counter when
1ocated outside this sphere. Utilizing the effect of multiplication in lend, 1t

furned out to be possitle to work out a method for analyzing the electron component,
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which mathed permits one to Jjudge according to the magnitude of the effect the

energy of the perticles cempesing this compenent, T merely touch in passing the

large number of works which were completed with the application of not only this,
but alse two other methods for solving this problem. A1 these investigations
established that great quantities of electrons exist in the glratesphere. Thelr
enerpies, however, proved to be about 10 times lees than the minimum enerey which
primary cosmic electrons should have in order to overcome the blocking action of
the Farth's magnetie fleld and reach the harth's surfece,

fhe electrons observed could not have come from space. They, consequently,

muet have originated already in the Farth's atmosphere itself, but no primery elec=

tyons were discovered, The rosulis of the experinents describded, however, by no
means contradict the assumption that high=-energy propons might form the primary
component..

The hypothesis sbout protons and particles, composing prinary cosmic reys, still
contradict Johnson's experiments, ‘to which I have already made reference., An

equotorial expedition was organized to clarify the problem and to obtain new data

on particles of energies greater than those in our latitudes (even in the stralo=
gphere), Sounding balloons cerryinyg apparatus were released from the deck of a
Soviet ship in the ocean near the equator.

Tn the cage under consideration much more complicated experiments were also
carried out by a group under S. N, Vernov's directlon (N+ L. Grigorov, Se P. Sokolov
and others) and ‘the organizational direction of N. A. Dobrotin.

Cosmic ray particles were recorded in the case under consideration (also, of
course, through gpransmiesion of radio signals back to the earth) by means of
coineidence of particles in counters that form a system provisionglly called &

telescope, because it registers radiation in a detinite direction.

wuissENTIAL
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h Figure 1 is shown sehematically a serice of eylindrical eounters forming
this telescope, whose exis ig set at an angle of 60° with the direction of the
zenith, This angle remaine econstant, but the azimuth changes by 180° in definite
tine intervels. The axis of the telscope 18 directid alternately +o the west and
then to the east. These treneitions are made automatiecally and auickly; as in other
coses, the counting apparatus 1tgelf regulates the length of time that the apparatue
1g located in each of the two glven orientations, The transitions from one position
to another are effectod after a definite number of counts cbtained in any given
definite position.

As tho axis of the iLelascope which,indupendently of the rotation of the appar-
atus due to iis flight, ghould alweys be directed to the east or west?itherefare it
18 equipped (and strietly maintained constant) with a system of photocells which
is directed ("ecoitrolled") by the gun's reys, which /T.e. Sun'e reys/ also serve
as an orienter for the entire system.

Tn Figure 1 are seen the results of obs:rvetions, The curves ghow the inten-
gity of cosmic rays in functionsl dependence on height for the two cages of west
and east azimuths. The intensity of radiation arriving Ifrom the weet proved to be
greater than the intensity observed in the eastern azimuth, surpassing this latter
by 60% of the avervage quantity corresponding to it, which is also given by cal-
culations for radiation consisting of positive particles, 1t 18 established,
therefore, that pri-.ary cosmie=ray particles are charged positively. The work of
Johnson, discussed 80 much, éroved to bte inaccurate.

Thus the work described above, which should naturally be considered a greab
event in our science, finally and with utmost relisbility solves the problem con=

cerning the nature of primary radiation, which mst be admitted to be & carrier of

- ]]l -
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high=energy pretens, There 1s ne reem for other assumptions, 1f enly ene daes net
admit any hypotnesia cencerning aome new canditiens aof the particles unebserable

on the earth, for which there are ne reasens. Tt i tyue thet the thesis concerning
the natore of the rrimary compenent ahonld be fermulsted in s mere general form:
namely, ag an azeertion that the energy carriera of primary rediation generated in

the depthe ol space are pooitlively~charged nuelei ot atoms, with an overwhelming

rrecanderance ol Lhe gimplest nuelel - nielel at L& wntt wice arread atome e hydregen;

Lhat de pretane, As 18 known new by the phetegraphiie~plate methed (in the liphte
gengitdve layer ot whieli it i Fossilble te discaver the Lriees of el eer porticles)
even more complicated: multiply«~charged nuclear particles have already been' repeatedly
observed ot great altitudes in the stébsph@r@. Thae, for example, Mpmre 2 1g a
mierophotopraph of Lhe Lrece of a Partiele = perhaps, of the nueless o1 wn O¥yren
aton ohbtained as the result of phetographie obeervations in the Stratosphere carried
oub by Q. M, Delovitsily and abhers in the 1 hysieal netitule, ieademy of sSeiences
U38F, in the daberatory of v, M, Frank, cerresponding member of Acadeny ot Seiencos
USSRe

But if the problem of what particles are generated in space and what energy
they attain in the upper atmosphere can be considered as solved, then i1l more
acute is the problem coneerning the existence of those processes which are caused
by these particles when still in the upper layers of the stratosphere and which
account for their very intensive absorption.

As a result of all the works deseribed by me, which allowed us to carry out,
so to speak, concentric attacks in many directions on this frent of sclence, we now
have the solution to the problem just stated.

We abandon the stratosphere for the time being and descent to lower altitudes,
in order to become acquainted with the results of extensive investigations underw
teken by expeditions into high~mountain regions.,

- 12
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Fegrettebly, the limited size ef my report dees net sllew me reom fer these no
leas noteworthy werks remerksble for their size.seale and experimentsl technioues.
which they deserve by their megnitude and signifiesnce, T sheuld in general emphasize
thet my discusaion can not be exheustive, Also, I muet agaln digress irom the basic
line of discussion for some shert, elariiying remarks,

I have alresdy referred te cascude electren showers and te the cascede theory
ol' these showers, ‘o understend the sequence it 18 necessary to keep in mind the
following,

In such cascade showers we are concerned with processes started by the collision
of fast electrons and alsec of photens with the nuclel of atoms composing the medium
in whieh t hey move, Here, howecver, we are talking about processcs that take place
at some distance from the atomic nueclel and are caused by clectromapgnet forces,
whose nature ls well known to us.

The investigation ol these classicel cascede phenomena 18 extrasordinary interest.
Fut inssmuch as the:atomie ruclei plays only a passive/iglihese phenomena , thelr
investigation does not open any new way for approaching the problem of the atomic
nueleus, and in particular for solving the problem of the nature of nuclear forces.

Particles or very high energles, however, as a colculations show, collide re-
peatedly sgainst the atomic nuclei themselves and penetrste them. Such particles
can serve as ballonms,:;as it were, for investipating internucleer intersctions and
phenomens due to them. Fast electrons, judging from all the data available, prove
to be nucleer-passive; that is, particles thet do not interact with nuclear matter.
For this reason they are unsuiteble as "balloons",

Tt is possible, however, to assume a priori that such high~energy particles as
the particles composing the nucleus of metter itsell, i.e. protons and neutrons
(often designated by the single name "nucleon"),can prove effective instruments for
bombarding the atomic nutlel to study the powerful nuclear forces still uninvestigated

CONFIDENTIAL
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During the mountain expedition of 194E~19L6, V. I. Veksler, G. B, Zhdenov,
A L. Lyubimev and others mede a very impertsni Adi6eOVErY.
Their abservstions shewed thet unuesusl shewers of a com: letely dif. erent nature

(which we ahall srovisienally call “"epeeinl showers'), vesides erdinary cascede

o

ghewers alge play an impertant role in the pieromena of cosmic reye &t nigh altifudes,
The distinguishing trait of these "apecilal! sheweors is that tney contain pertdcles
sble to penclrate prest thicknessee of leed: leyera o leegd seversl eentimelers

thiek preve te be perfectly transparent tor aueh partieles. [iltration, moreover,
through relatlively thick lead, of tire radiation generating these showers does not
easentially tel) the intensity of their penerction., Fkelatdve to ordinary cascade
ahewersg the opposite 18 immediotely observable: shower-Iormation is ohortened or
depressed if the rudiation is Piltered through 10~20 em of lead, and the perticles
themselves composing the cuscade showers are practically comple Lely ahgarbed by

lead layers seversl centimeters thick.

2 48 6 result of dutailed and diversirled investigations into this new phenownenon,
carried out under the genersl direction of N, A. Dobrotin ancd with the collactive
etforts of a large group of workers who creutsd new very powerful and complicated

i tools for investipating these phenomena, il has been recently established that the

% ngpecial" showers arise as the result ol a nuclear process poss=8sing an "explosive"

; character. Such a nuclear explosion is accompanied not only by bne disintegration

; of the afrected nucleus colliding with the "cosmic missile! (and with the complete

? disintegration of the lutter into its component parts), but alse by the birth of

many new particles as the result of sueh a catastronhic process.

=
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Wrem the entire data asenmulated about whieh I shall speak later, it fellaws
with a high degree of probabillty that such a preccas and such "speelal shawers
aride nf & result af the aciien, on atemie mieled, of either or the primary eesmic=
ray partieleg themselves directly er otier nuelear parti les ereated by cesmlc rays
already in the esrth's gtmesphere (particularly neutreng), thue obteining, hewever,
suf flelently high energles ol lne erder of magnitude of the energy of primary
particles.

I will now deserive, although enblrely gketehily, the technies that made it
peaaible to earry out the basic and diversitied investigstions of all those ptienomena.

In deseriblng 5. N. Vernov's experiments in the ytrabasphere, I relorred to
corpuscular teleacones, conslating of twa or three Gelger=Muller counters and pere
mi tting ane to reécord cosmic porticles passing through during a definite time in
some more or lesy exactly assigned direction, Similbancouy coincident pulses in
guch a system of several counters making up the telescope signal the passaje ol
narticles in a glven direetion. To investigabe the "upecial" showers, mieh more
comylicated systems colled hodoscopes made up of scores of counters nave been created.
3ignals arising from Lhe appearance ol coincident pulses in some comparatively
simple suitably=chosen system composed of several counters serve in a given case for
the purpose of 'regulution! by the hodoscope., If this signal created by some shower
is obtained, then the apparatus nekes 1t possiole to discover what has oecurrad
(simulteneously with the phenomenon caused by the glven signel) individually in each
of tie counters making up the hodoscope; that is, the apparatus permits one to re=~
cognize = indedd, even directly to see - in which of the counters a discharge took
place in consequence of the passage of one or perhaps several particles through it.
Tt 16 possible to see this directly with the eye because each counter 1s connected
with a small neon lamps that lights up when a discharge, due to particles ineident

on the counter, has oceurred in a given counters
w18 -
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The gystem of lamps, fastened on separate panels 8o that the dispositien ef
lamps likens somewhat tne diglributinn of counters, is photographed every time that
a silgnal is received frem the regulating sygtem,

figure 3 and ); are photegrapha of panela with {laghing neon lampa, ‘The first
of these diaprams shows the passage of individual partieles, leaving & trace in the
form of a chain of flash lampa placed along o streight line; the ageond diagram
shaus ihie result of' the pasgage ab @ gnaver emnslating of many particles.

nesides tne hadoscople methed, anather miviod, still mere ericctlve in the gense
of the possibillity of direct obaervution of t.e entire pleture ol the phenomenon,
was olso empleyed - nomely, the an=called controlled "wilson ehamber! metiod,

In this case, pulses trom vhe regulating system of countars sring into action
the wilson cloud chambar. fnsjide the enamber, allernate plates ot leud and pgraphite
sre placed in the path ol the pertleles of the shower {nvestigated. The tracks
(covered with fog droplets) passing through the eloud chamber can be photographed
directly. Figures 5 and 6 shov phntographs of showers obtoined in such a manner,
from the works of N. G, Birger, S. A Azimov and others. All these showers, which
are penerated in 1lead blocks surrounding the chamber and which consist in some cases
of an aggregate of particles which fill the entire volume of the chamber in a dense
flux are "special" showers.

The apparatus is actually surrounded on all sides by a massive lead shield which
completely f'rees the shower of the electrons that have come from without; and, on
the othrr hand, a considerable portion of the showers photographed in these prints
consiet themselves of penetrating particles freely able, even without cauging cas=
cade multiplication, to pass through considerable thicknesses of leud many centi-

mebera thick, as Figure 5 shows especidlly clearly,
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In these several photogravhs T could nete many inteveating peculiaritles, already
suffiecient to explain those conelusions eemeerning the compositien end nature ef
gpeeinl showers, which were, however, made en the basie of very much broader material
obtained by employing varinus methiads and thoreugh investigalliens or the phenomenen
as the result of numerous eomplicated experimante,

I will linit sy expoailion Lo only the most important of these eonclusilens,
rartiecles discovered in the compositien of "speclal" shovers can be divided into
three grouns, The strongly ilenizing and comnaratively slow partlecles ferm the first
groun = products of the disintegration of atamie nuclel, in whieh (i.e, nuclel) the
"gpeclal" shower arises, These partlcles are nueleons, obtaining compsratively
small euergy and vepresenting nothing clse than the component parts ol the alomic
nuelzus which are [lying apart in varleus direetions, the atomic nueleus . having
disintegrated in consequence of the explosive nuclear process ocecurring in its
interior., Here we have to do rather with a secondary product of the explosive
shower; and the pleture successtully observed in this part is probably ldentical
with the pieture repestedly observed even earlier in the photo-sensitive layer of
special photogravhic plates Zﬁhotogruphic emulsiong7. Figure 7 shows an example
of a pleture of such a star-shaped splitting, which occurred in a photographic
emulsion and subsenuently developed; this plate is taken from the collection of the
Phyaleal Institute, Academy of Sciences USSR, It is possible to say that here a
purely "nuclear’ shower is present in the sense that it consists of nuclear part-
icles; namely, individual nucleons and in some cases even alpha-particles.

A grest part of the energy of "special! showers is concentrated, however, in
two other components, which are of the greatest interest, Such momponents --
second and third -- prove to he, on the one hand, high-energy electrons and, on
the other hand, penetrating particles,

w17
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The wnexpeoted dimeevery af electrans in the make=-up of "spceial" showers 18
of exceptional theoretical signifieance, Ihe presence ef this eleelron compenent
méﬁa that here we have encountered some essentislly new mechanlsm, te all intents
snd purpeses not subjected heretefore to theoretical investietions. Taking into
acesunt this double nature of "speeial! showevs, hereafter we alae shall call them
electron=nuclear showers.

Gt ne less real intercst is the second result of coreful investigation of elec=
tron=nuclear showerg: It was establisned that the penetratlng component of these
showe 8 contslns "nnelear=active particles"; thut ls, partieles that themselves ean
cause new electren-nuclear chewers, The existence of these particles in the showers
leads to possibly a new caccade process of very large cnergles perfectly different
in nature from that which I have already mentioned more than once; namely, the
nuclear-cascade processes in which particles appearing as the result of nuclear
explosions create new explosions accompanied by an electron-nuelear shower, and so
on,

Tne problem concerning the nature of the particles compoging electron=nuclear
showers appears to be the ebject of further investigations. As ror nuclear-active
particles, it is natural to assume that these same protons &end neutrons could act
like this if they were to receive very great energles as the result of an explosive
process. Besides nucleons, "heavy' mesons of great energles also possess such an
ability to cause muclear processesy i.e., nuclear activity.

T4 i vossible to consider also as established the fact that the penetrating
component of electron-nuclear showers also contain, in considerable numbers, ordinary
Mnen-active! mesons (non-active in the nuclear sense). At present there are already
straightforward proofs that these latter particles exist in "gpecial showers.

The fact thabt elactrons of rather high energies are generated in explosive
showers possesses prime significance for the explanation of the whole complex of

- 18 =

wUNHIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150016-8




Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150016-8

CONIDENTIAL

coamic vey phenemena, 1 have already mentioned tnat the agsumpiien ceneerning

the preton nature of primary reys proved te be little asceptsble in eonneetien with
the lact thet it was diffaenlt te underatand how the primary protens ecan create

the high=energy relectrons that are observed in great auantity in the highest layers
of the gtmosphere, A8 we know, this difficulty aroce beeause Lhis meehanism of

the formation of tre electron eompencnt which 18 new ebserved in eloctron=nuelear
showers was not known and, naturally, was net talten inte esnsideration, The
discoveries mentioned by me permit stating the thesis that the main e€leetron come
ponents and alse meson components observed in Lhe atmeszhere are born in the gtrato=
sphere in the compesitien of cleelron-nuelear showers, e shall retarn to the
development of this thesis,

For the present [ should like Lo linger on only one consenuence of the statement
Just made, which leads {o the possibility of observing clectron~nuclear showers of
extreordinary high vnergies and under conditions such that are eoneerned with
phenomena ulready on a gompletely different, much more @nogéus seale, We are telk=
ing sbout those shower=piants which were discovered 15 years ago by the l'rench
physielst Auger., fThesge showers, consisting of hundreds of thousands or millions
or even tens of milliens of particles, develep throush oub the entire depth of
the atmosphere. 'The space of laboratery accommodations proves already insufficient
to investigate them and observetions have to be transferred to the field,

Until recently, it was assumed that showers of such a hature covering areas of

the order of a souare kilometer in some cases and even larger are created by
classical cascade multiplication, when cosmic electrons ot e:traordinarily high=-

energles penetrate into the utmosphere,
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Taking into aecount the diseoveries about which I speke, it is neeegsary, hows
ever, te assume thak actually atmospherle showers are concemned with large-scale
composite electron=nuclear showers created In the stratosphere by primsry protens
of very high cnergy, From thia point of view the study of atmespheric shewers
hacomes of new prartical interest, The presence, established Ly previeus observatiens
{and aceurately investigated in many works under meuntainous eonditions).el the
perietrating meson componsnt of these shewers becomes immediately understandable,

The works to which I now refer,which give extramely valuable new results, were
carried out under the immedlate s iperyision of our young, but already very com=
petent, specialist G, T, Yotsepin, who alse proposed o new econcept of the nuelear=
cascade process lying at the basis of this phenomenon, I am unuble to allet to
Whese vorks sufficient room in my report,

Up Lo now T have not evaluated the exder of mapnitudes of the energles churacs
teristic of cosmic ray phenomens, The veltages which would be required Lo speed up,
by electric=fleld forces, the ele~trons to velecities corresponding Lo the given
cuergies can serve as a meosure of this magnitvde, If ono uses, ag is customary,
such a standerd, then the mean energy of prirary ray particles proves cqual to approx-
imetely 10 billien electron-volts,

As for the total energy libersted in learge atmospheric showers, it is a wmillion
or tens of millioms times larger still than this mean energy of cosmic rays and is
expressed in electron=volts by numbers equal to 10 raised to the sixteenth or even
elghteenth power.

In consideration of the size of my report I am forced to resort in what follows
to a still more synoptic style of presentation,

If considering as true the peneral concept of cosmic ray phenomena as expounded
by me and if, in partieular, it is true that protons possessing energles of the

order of the energy ol primary rays csn very efiectively ceuse electronw-nuclear
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shavers, then we shoulé expeet that in the upper layers of the etretosphere it 16
pessille to ebaerve the fermation of eampoeelte glectrensnuelesr showers ineomparably
more often than at mountain sltitudes.

This predietien was completely justified, A neteworthy apperatus wal created
by A N Charakheh'yan, co~worker in &, Mo Vernov's group, which permite ona te
caryy out in fhe gtretosphere, hadescapis observatiens which ave trensmitted to
warth by redio gignals, [is hadoscopic davicee are rot so cumbersone and complicated
ag thoee used in meurtains, but thely prineijles of operation are he same.

A8 WG BaW, hedeaeepdc phologravhs peredt ynmediale ohservetion of what oeours
in the varieus counters nt the hodescopie ayotam, In the piven case this also proves
to be possiblej here, the obscrver on tho carth "sees" the picmuré&tha phenomenon
securring in the pliosphere,  Thud, someshing like velevision 1s realized. Such a
somparison with telavision con be more vuldd in that some of the e¢lements of tele-
visien technology 18 prasent here. A 1luoreseiny screon 18 photographed vracticolly
conbinuously on a moving photographic {ilmy thie screen being actually identical
Wwith theze on which the Lmage is obteined in television sets, 'The signel is recorded
by a eontrellable spobt fo red by a harrow cathode-rey beam, which runs or scans
horizontally the width of the £ilm in 1/25 second, then returning very oulckly to
the initial position to repest 4mmediately its scanning run sgain. Tn this way &
definite unfolding with time b8 realized on the screen. During this same time = the
vime of run(1/2% second) over the film's width by the cathode ray = 8 raploly
revolwing motor, in the device, now high in the stratosphere, switches the sender
of the traonsmitting apparatus from one counter ot the hodoscople system o another
counter in repild succession. 'Thus, in the course of this time (1/25 gecond) all

counters of the hodoscope are examined successively. To each counter corresponds
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8 definite plaee unfelding on the screen. If a given counter dese net perferm upen
pagsage of a shiewer threugh a certain eentrolling system, on the sereen s vertieal
pip is obteined at a defirite place corresponding te the glven counter, The counters
tiiat have cperated are distinguished by the fact thot sueh o pip is absent. If the
eontrelling ayetem hag net eperuted, then & atraight line 1s drewn without any pips
and baregraphle signale are recorded, Each time that a shever selected by the cone
trelling syetem hae paaged threugh the hedesecpe this 1s ebserved in the drepping
out of a certeln number of plysj wihereupen the entire pleture ef the shawer is mede
apparent,

The sppavetus deseribed has permitied ug to observe cleetren=nueleur showers
cauged by ithe primery cosmic ray varticles in the stretosphere, Later this phenw=
omenon has been suecessfully empleyed as & sort of indicator of the presence of
primary partleles at a plven level in the stratesphere, Heletive Lo the number of
speeial showers observed per unit time, it proveo possible to Judge the magnitude
of the flux, preportionul to this number, of primary particles. In this way, S. N.
Vernov and L, T, Dobrotin-Alekseev succeeded in firding how tnis flux becomes atten=~
uated with penetration inte the depths of the atmosphere. [From observelions at
various latitudes by a method, whose deseription must be omitted here in order noi
to increare the size of my report, they obtalned a fundsmentel result, They were
the firet to obtain the curve of absorption, in the atmosphere, ol primery cosmic
roys, and showed that this radiation is very rapldly absorbed in the atmosphere,

The reagson for the very rapid absorption is: the intersction of primary cosmie rays
with nuelear matter and the catastrophic processes of an explesive nature connecied
with the transformation, in individual elementary acts, of colosssl amounts of

energy, which give rise to electron=nuclesr showers, Fipgure 8 shows this absorption
curve. It 18 not like the curve describing the bshavior of totel cosmic ray inten=

gity in the atmosphere, about which I spoke in the beginning of mg report.
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This distinetion 15 extremely enaraeteristic, The eurve shown euriier releles

ie a c@ﬂ@liested complex of rediations generated by the primary agent. Here, how=
ever, we have the abserpiien eurve namely of the primary agont; thet 18, the primary
cogmic rayo.

Tn thig scheme of cosmle rey phenameni, wideh T inireduced in the peginning, it
{8 noW necasnary after consideration of all these fac'g, to propose & new represents
gtien, whieh 1ooke like thig:
primary protonsd - + gleelrons

l“#, « megons :—€?Q55Cﬂde processes
puelesr-active particles

This resrrangenont denotes an eguentiel chanie in our presentations.

Essentially, &8 tinally egbyblighed nov, the phenomend caused by primary cosmi.¢
rays and unfoelding in the atmosphere originste in 8 nuclesr Lrocess of an explosive
nuture, which we are now in @ position to observe &nd investigate, Tt 18 an esseh=
tielly new and slready indispubably-eabablished fact that such & nuclear explosive
prouess results in the genaration of intensive siresms of high~energy gl ectrons.
Felying on this tact, we can now consider the basic scheme pehind cogmic=Tay phenorena
a5 has been finglly puszled oube This fect Logether with others raises the ques=
tion about some new mechanism governing the yrensformation of energy, &8 yeb un=
cuplained by theory.

One of the possible mechandsms which the theory ig ahle to propose deserves
particular attention, ve nave in mind the suggestion about the existence of new
particles hitherto unobserved = nemely s nupususlly ungtuble neutral mesons which
decay with subseauent generation ol photonge Recently this hypothesis recelved
preater and greater pffirmations. From observ.tions which I discussed, 14 follows

that if such neutral mesons also are formed in explosive showers along with charged
023.1
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megons (whieh afterwards, in the segond gonevatlon give rise Lo the electrons ob=
gpyved in the make=up of eemposite shewers), then the life time of thoee neutral
megons cannet be greater than an insignificant pert of a secend, expregsad by a
fraction with numerster unity and denominator equal 10 te the tenth pewer,

n all probability, however, lhe life-time of gueh particles, if they exist,

18 still considerably lesa,

From the exyverinontsl material slready available at the given stege of investe
iyation of the problem we can draw many most interestiny inlerences cencerning the
eanditions under which the collision of primary cosmic ray perticles with atomic
ruclel accompanies the explosive processes deseribed, From the magnitude of the
messured co-of ficlent of sbsorption of primary ray in air it follows, {or example,
trot for aufficiently large energles practically esch collision of a particle with
nuelei of air atoms is accompanied by such explosive precess. ioresver, there are
reasons to believe thabt nuclear interaction of eolliding particles is so intonsive
that the explosion oceurs already in the surface layer of nucleons of this nueleus=
target, into which the cosmic-ray particle colliding with it penetrates.,

e connot, of course, think that we are able even now or in the near future to
establish some clear and detalled pleture of what occurs and to obtain some accurste
dats about the nature of the phenomena and about the laws governing them. FEven in
a more detailed and deeper investigation I would be unable to report in this con=
nection much more than what has already been stated by me, At this given stage
this does not seem possibles

Tt would be completely erronecus, however, to infer from this thot the except-
jonally bense work and the greast means spent to peglize the investipations that I
deseribed are without reward, On the contrary, the results obtained surpassed all

our expectations, in so as the discoveries made open new weys 1o fields still une
-l -
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investigated and te new heights of lnewledge, the mastery of whiceh rinally leade
ta the recenstruction ef eur fundamental representations cencerning the physieal
pieture of the world.

T can state that Seviet physica is assured commancing pesitione end leading
status on this advaneed front of science ag t o result of the work deseribed.

These results proved attaineile becanse of tne unuenal vendliliens fer developing
investigstions on an extraordinery seele, whieh conditdons were erested for us by
{ke party and government, and beeause of this extensive suprort and asgsistance,

which invarisbly allowed us a generoud hend.

- EN D-
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